Observational studies have shown that body mass indexes of vegetarians are lower than those of nonvegetarians and that caloric intake of vegetarians is typically lower than that of nonvegetarians, suggesting that a vegetarian diet could be an approach for weight management. However, vegetarians may be at risk of inadequate intakes of certain vitamins and minerals. Population-based studies indicate that vegetarians have lower mean intakes of vitamin B-12 and zinc and higher intakes of fiber, magnesium, and vitamins A, C, and E than do nonvegetarians. Usual intake data suggest a similar prevalence of inadequacy between vegetarians and nonvegetarians for magnesium and vitamins A, C, and E, with both groups at high risk of inadequate intakes of these nutrients. These same data report that vegetarians have a higher prevalence of inadequacy for iron, vitamin B-12, protein, and zinc than do nonvegetarians. Although mean intake data suggest that a vegetarian diet may be a useful approach for weight management, combined with energy restriction it may have a detrimental effect on diet quality. Mean intakes of fiber, vitamins A and C, magnesium, and iron were significantly lower for vegetarians with energy intakes $500 kcal below Estimated Energy Requirements compared with vegetarians who did not restrict energy. Vegetarian diets should be recommended for weight management; however, care should be taken to optimize food intake to provide adequate intakes of nutrients of concern when energy restriction is used in conjunction with a vegetarian dietary pattern. At any caloric amount, vegetarians should optimize intakes of vitamin B-12, zinc, and protein; and both vegetarians and nonvegetarians need to increase intakes of calcium, magnesium, fiber, and vitamins A, C, and E.
INTRODUCTION
Observational studies have shown that BMIs of vegetarians are lower than those of nonvegetarians (1) (2) (3) (4) . In the European Prospective Investigation into Cancer and Nutrition (EPIC)-Oxford cohort, Spencer et al (4) observed a wide range of BMIs, but the differences between vegetarians and nonvegetarians remained significant even after lifestyle and dietary factors were adjusted for. In addition, ANOVA showed that lower protein and higher fiber intakes, characteristic of vegetarian diets, were the most important determinants of BMI. Likewise, Newby et al (2) , after adjustment for energy and total fat intake, also observed a lower risk of overweight for vegetarians in the Swedish Mammography Study. Last, Haddad and Tanzman (5) reported that self-defined vegetarians who ate meat had higher mean BMIs than those who did not, and both groups had significantly lower BMIs than did nonvegetarians.
Dietary data show that caloric intake of vegetarians is typically lower than that of nonvegetarians, with a difference of as much as 424 calories/d (1, 2, 6 ). The Academy of Nutrition and Dietetics (7) and the NIH National Heart, Lung, and Blood Institute (8) recommend a reduction of 500-1000 kcal/d for weight loss, with most experts recommending 500 kcal. This, taken with the observed BMI differences, suggests that a vegetarian diet could be considered as an effective approach for weight management. However, weight management ideally requires long-term adherence to dietary changes; therefore, it is important to consider the nutritional adequacy of the diet pattern chosen, whether it is a vegetarian or low-calorie nonvegetarian dietary pattern. Observational studies have documented nutrient intakes for individuals who follow vegetarian dietary patterns and reported that these subjects consume diets that are generally consistent with current dietary guidelines (9), particularly with lower intakes of fat, saturated fat, and cholesterol and higher intakes of vitamin C, fiber, magnesium, and b-carotene (10) (11) (12) (13) (14) (15) (16) . Despite these advantages, concerns have been raised as to the nutritional adequacy of vegetarian diets, particularly if calories are restricted for weight loss (12, 16) .
In many population-based studies, mean nutrient intake data are used to characterize nutrient intakes of vegetarians and to evaluate differences between vegetarians and nonvegetarians; however, the nutritional adequacy of the dietary patterns must be assessed by comparing usual intakes to Estimated Average Requirements (EARs) (17) . Mean nutrient intakes are reflective of a point in time and cannot be used to provide information on nutritional adequacy, whereas usual intake, estimated from 2 nonconsecutive days, indicates average nutrient intake over time, thus can characterize the nutrient adequacy of a dietary pattern. Usual intake data may be used to describe the prevalence, or risk, of inadequate intake and is presented as the percentage of the population with usual nutrient intakes below the EAR. High prevalence of inadequacy is defined as more than one-third of the population having intakes below the EAR (18) . To understand whether concerns with regard to nutrient adequacy of vegetarian diets are warranted, particularly in the context of low-calorie intake, the purpose of this review is to present recent data describing nutrient intakes and nutritional adequacy of vegetarian diets, examining studies with both mean and usual intake data.
NUTRITIONAL ADEQUACY OF VEGETARIAN DIETS
In a report from the USDA, Agricultural Research Service, usual intake data from the NHANES 2001-2002 were compared with Dietary Reference Intakes (DRIs) to identify nutrients with a high prevalence of inadequate intake (18) . According to that analysis, the nutrients of concern for the general population included fiber, calcium, magnesium, and vitamins A, C, and E. With few exceptions, vegetarians have higher mean intakes of these nutrients than do nonvegetarians.
Mean nutrient intakes
Davey et al (15) showed that, whereas vegetarians had lower mean intakes of vitamin B-12, vitamin D, and zinc than did nonvegetarians, they had higher intakes of vitamins C and E and magnesium and similar intakes of iron. Similar results reported by Haddad and Tanzman (5) showed that, after calories were adjusted for, self-defined vegetarians had higher intakes of magnesium, fiber, and vitamins A, E, and C than did nonvegetarians. Iron intake was similar between the groups; however, vegetarians again had lower intakes of vitamin B-12 and zinc.
In an analysis of 1-d nutrient intakes from NHANES 1999-2004 (16), diet quality for vegetarians was compared with that of nonvegetarians. Vegetarians were defined as participants who did not report eating meat, poultry, or fish on the day of the survey. As with the previous studies, fiber, magnesium, and vitamins A, C, and E intakes were higher for vegetarians than for nonvegetarians, but iron intake was also found to be higher in the vegetarian diet pattern ( Table 1) . Results from this analysis and others (5, 14, 15) suggest that a vegetarian dietary pattern is nutrient-dense and consistent with current dietary guidelines.
The lower calorie intake typically seen with vegetarian diet patterns suggests that a vegetarian diet could be considered an option for weight loss. However, individuals who follow recommendations to decrease caloric intake by 500 kcal/d may experience detrimental effects on diet quality. In the analysis of NHANES 1999-2004 data by Farmer et al (16) , vegetarian and nonvegetarian groups were stratified by caloric intake to represent dieters and nondieters. Dieters were defined as respondents with dietary intakes of $500 kcal less than Estimated Energy Requirements (EERs). Pairwise comparisons of mean nutrient intakes ( Table 2 ) suggest a detrimental effect on diet quality when energy intake is $500 kcal below EERs. Mean intakes of fiber, vitamins A and C, magnesium, and iron, which are generally higher in vegetarians, were significantly lower for the dieting vegetarians compared with the nondieting vegetarians and were similar to intakes of nondieting nonvegetarians.
Usual nutrient intakes
In a sample of British Columbia adults (14) , the prevalence of inadequate intakes of some nutrients was determined on the basis of usual intakes from both food and supplements. There were no differences between vegetarians and nonvegetarians for intakes of vitamin B-12 and zinc, but even with vitamin and mineral supplementation, the prevalence of inadequate intakes of (ANOVA). AT, a-tocopherol; RAE, retinol activity equivalents. 2 Energy intake adjusted for sex and ethnicity; all other nutrients adjusted for energy, sex, and ethnicity.
3 Vegetarians with energy intakes $500 kcal below Estimated Energy Requirements. 4 Nonvegetarians with energy intakes $500 kcal below Estimated Energy Requirements.
magnesium, vitamin C, vitamin B-6, and folate was higher for nonvegetarians.
In a recent study, usual nutrient intakes for vegetarians and nonvegetarians in the United States were estimated from NHANES 2001-2008 data, and the results were compared with EARs (19) . The prevalence of inadequacy was similar between vegetarians and nonvegetarians for magnesium and vitamins A, C, and E, with both groups at high risk of inadequate intakes of these nutrients ( Figure 1 ). Vegetarians had a higher prevalence of inadequacy for iron, vitamin B-12, protein, and zinc than did nonvegetarians (Figure 2) , although the risk of inadequate intake of iron was not considered high at 16.8% and for vitamin B-12 it was just below the one-third threshold, which is considered high risk. In addition, the prevalence of inadequacy was high in the vegetarian group for both calcium and zinc; however, vegetarians and nonvegetarians had a similar risk of inadequate calcium intake.
LIMITATIONS OF CURRENTLY AVAILABLE LITERATURE
Among the limitations that should be addressed in analyses of NHANES or other population data sets include the definition of vegetarians. Before 2009-2010, vegetarians were defined by the absence of meat, poultry, or fish on the day of the survey for both NHANES and by Kennedy et al (1) in an analysis of the Continuing Survey of Food Intake by Individuals (CSFII) 1994-1996 data. However, some participants who were defined as vegetarians may have avoided eating meat on the day of the survey for reasons other than vegetarianism. In another analysis of CSFII 1994-1996, Haddad and Tanzman (5) used the survey question "Do you consider yourself to be a vegetarian," and on finding that self-defined vegetarians consumed some meat, poultry, or fish, further classified the respondents on the basis of a cutoff of 10 g meat/d. For the EPIC-Oxford study, Davey et al (15) classified vegetarians by responses to 4 questions characterizing their intakes of meat, poultry, fish, dairy, and eggs. A consistent and characterizing definition of vegetarian dietary patterns should be developed for use within the collection and analysis of population data sets.
CONCLUSIONS
Vegetarian eating patterns can and should be recommended without energy restriction for safe and nutritious weight loss and weight management. With the addition of calorie restriction, dietary counseling is needed to maintain the nutrient density of the vegetarian as well as the nonvegetarian dietary pattern. At any caloric amount, vegetarians should optimize intakes of vitamin B-12, zinc, and protein, whereas both vegetarians and nonvegetarians should consume foods to maximize intakes of calcium, magnesium, fiber, and vitamins A, C, and E. 
